Relations between resistance of fruit and skin characteristics in tomato varieties. by Ruiz-Altisent, Margarita & Gil Sierra, Jacinto
RELATIONS BETWEEN 
CHA RA C TERIS TIC$ 
M. 
Dr. In 
RESISTANCE OF FRUIT AND SKIN 
IN TOMATO VARIETIES 
by 
Ruiz Altisent 
geniero Agronomo 
J. 
Inge 
Escue 
In 
Mai 
Gil S ie r r a 
niero Agronomo 
a Tecnica Sup. de 
[. Agronomos 
r i d - 3 , SPAIN 
Fo r presenta t io n at the 1979 Summer Meeting 
of ASAE and CSAE 
Un ivers i ty of Manitoba 
"Winnipeg, Canada 
June 24-27, 1979 
SUMMARY: 
Varie ta l difference 
sing tomato fruits 
mined. Mean valu 
a r e highly cor re la t 
quas i - s t a t i c compr 
ce is dependent on 
Hied m i r r o f i r n p i r a l 
es 
PAPER NO..ia.-30Ba 
in physical p roper t i e s of proce_s 
elated with r e s i s t ance a r e deter 
of skin r e s i s t ance and f i rmness 
fed with rupture of the fruits by 
ession and by impact . Skin resistan 
the features of the ep ide rmis , stu 
1^ H 
Joint Meeting of 
American Society of Agricultural Engineers 
and 
Canadian Society of Agricui ural Engineering 
c 
s 
A 
E # 
S 
C 
G 
R 
Papers presented before this rrieeti 
eties. In general, the Societies 
in complete form However, th< 
with credit to this meeting and 
t he Societies are not respons| 
or discussions at this meeting 
by ASAE or CSAE editorial comrhittees 
ng are considered to be the property of the Soci-
reserve the right of first publication of such papers, 
re is no objection to publication, in condensed form 
tlhe author. 
ible for statements or opinions advanced in papers 
Papers have not been subjected to the review process 
; therefore, are not to be considered as refereed. 
INTRODUCTION 
In the s ea rch for reducing damage and corresponding lo s ses in the 
mechanica l harves t ing of fruits and vegetables , it is n e c e s s a r y to: 
1) have the technical means of charac te r iz ing and measur ing this mecha 
nical r e s i s t ance and i ts variabi l i ty; 2) know the va r ie t i e s of each type of 
fruits that will r e s i s t damage be t te r ; 3) provide the plant b r e e d e r s with 
the n e c e s s a r y tools to enable them to introduce these optimal charac te 
r i s t i c s as objectives of the i r select ion efforts. 
It is known that r e s i s t ance of fruits to mechanical damage is re la 
ted with the mechanica l p roper t i e s Of fruits such as : f i rmness (or, 
be t t e r , cha rac t e r i s t i c force<-deformation or s t r e s s - s t r a i n constants)and 
rup ture or breaking r e s i s t ance , both for s ta t ic and dynamic loads . 
In the case of p rocess ing tomatoes , numerous works have dealt with 
the handling losses and types of damage (O'Brien, 1974; O'Brien et al , 
1972, 1972, 1978), but few with the charac te r iza t ion of r e s i s t ance (Miles 
et al , 1968, Reznicek et a l , 1978), obtaining the resu l t that the main can 
ponent of the r e s i s t ance of the tomato fruit l ies on the skin. 
There a r e numerous r epo r t s on skin r e s i s t ance p roper t i e s (Voisey et 
a l , 1970, Henry et a l , 1974, M u r a s e et al , 1977) t ry ing to re la te them witi 
c racking r e s i s t ance , an important problem in the tomato, but not re la ted 
direct ly to mechanical r e s i s t a n c e . Working on sour c h e r r i e s , F i s che r et 
al (1968) made skin puncture t e s t s for determining the mechanica l res is tan 
ce of these f rui ts . 
S t rohmaier (1948) re la ted the r e s i s t ance to puncture of prune skins 
with the i r microscopic s t ruc tu re with different thermic t r ea tmen t s given 
to the f ru i ts . Cotner (1968) a s e s s e d differences in ep idermal s t ruc tu re for 
different tomato va r i e t i e s , differing in the i r r e s i s t ance to cracking; this 
(x) The authors acknowledge the essent ia l contribution of Laura Pagalday, 
Biologist and the Labora tory of Biology and Histology of the Escuela T. 
S. Ing. Agronomos (Madrid) and his people for doing most of the m i c ro 
technical work. Also, of the Department of Phytotechnics III of this sa 
m e College and of the Extension Service in Badajoz (Spain) for the culti_ 
vation of the tomato va r ie t i e s and to the Department of Hort icul ture of 
the INIA, CRIDA 03, Aula Dei (Zar&goza) for providing seed samples and 
cul ture information. 
r e s i s t a n c e , however, was also re la ted to the number of vascu la r bundles 
and with the fruit locules (numbed and s ize) . Voisey et a l (1970) re la ted 
the susceptibi l i ty to cracking with cuticle thickness and skin elongation, 
a s se s s ing that t he re was no positive cor re la t ion between r e s i s t ance to 
puncture or skin thickness and re s i s t ance to cracking. Mel Chih-Yu-Chuh 
and Thompson (1972) re la te once m o r e the susceptibi l i ty to cracking with 
pe r i ca rp microscopic anatomy, establ ishing the impor tance of both epider 
m a l and subepidermal l aye r s , and the different behaviour of distinct mu_ 
tant l ines, in respec t to mechanical r e s i s t ance and to cracking. 
There is no p r ec i s e information on the var iabi l i ty of the mechanical 
p roper t i e s among different va r ie t i es of tomatoes , or the charac ter iza t ion 
of va r ie t i es and lines with respect to the i r likely behaviour in mechanical 
harves t ing and handling. 
OBJECTIVES. 
Some yea r s ago, a p rog ram was iniciated in our labora tory of mecha 
nical p roper t i e s of plants with the following objectives : 1) to find out the a_ 
dequacy of different p rocess ing tqmato var ie t ies for our Spanish conditions 
and 2) explore the components of hiechanical r e s i s t ance of tomato fruits and 
the techniques to de termine them. Thus, some advances have been achieved 
in this a r ea (Ruiz Alt isent , 1977, |Ruiz Altisent et al , 1979). This paper is 
concerned with the resu l t s of the tes t s specifically re la ted to the componenls 
of r e s i s t ance (skin puncture and force-deformation) and the i r var iabi l i ty in 
different v a r i e t i e s . 
The objectives of this r e s e a r c h were 1) to determine the r e s i s t ance 
cha rac t e r i s t i c s of different va r ie t i e s •>[" process ing tomato and 2) re la te 
them with one another and with lh£ behaviour of the fruits in impact and 
compress ion . 
MATERIALS AND METHODS 
The var ie t i es tes ted in the whole of the t es t s that were conducted in 
the last th ree yea r s were (see Table 1): 
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1976 (P= puncture) tests : 10 varieties. 
1977 (C-P= compression-puncture^ tests : 19 varieties. 
1978 (C-P-I= compression-puncture-impact)tests: 30 varieties. 
For force-deformation measurements the technique used, based on 
Arnold and Mohsenin (1971) and Fridle^ et al (1968), was compression 
with a flat plate on an equatorial zone cjf the fruit selected as sphere-ap_ 
proaching as possible, and never surpassing 2, 5-3 mm of vertical defor 
mation which in previous tests was shown to be the limit for non-destruc 
tive compression. The fruit was supported by a doughnut of a plastic subs 
tance, that was adapted to the form of the fruit (Fig. 1). The surface of 
compression was measured (maximum|and minimum diameters) in some 
of the tests . Previous tests indicated tjiat the linear regression oi force 
(in N) versus deformation (in mm), 3 tp 8 points from 1 to 8 N for each • 
fruit, was a good and simple1 measure of the resistance to compression 
or firmness of the fruits (Ruiz Altisent et al, 1977 and 1979, and Fig. 2). 
All static measurements (force-deformation and puncture) were ma 
de: a) using a Chatillon LTCM testing r^iachine, table type, provided with 
a 9,8 N (1 kg) gauge, and always at the^  minimum speed (3, 5 cm/min) for 
all the puncture tests and 1978 force-deformation tests; and b) using an 
Instron Universal Testing Machine for the 1977 force-deformation and 
compression-to-rupture tests . Firmness values obtained with both tes_ 
ting machines were significantly the s4me when determined on the same 
fruits. 
Skin resistance was imeasured by puncture, (Fluck and Gull 1972 
and Fischer et al 1968). A cylindrical die of 0, 45 mm in diameter with 
flat base, was used in all tests . Puncture force was recorded for 5 points 
in the equatorial zone of each fruit (Fig. 3). 
For determining puncture characteristics of the skin 1976 (P) tests 
included 10 fruits of each variety, gro|vn in the open, collected at the ri^ 
2 
pe stage. Puncture tests were made, and samples (aprox„ 10 x 10 mm ) 
of skin removed and fixed in phenoi-aqetic-acid. Then, inclusion in paraf 
fin, s l icing to 12 jm m and safrianine-fast-green dying were used(Johansen 
1940), iii a leatory a r e a s of the s l ides , width (30 data Variety) and height 
(8 data /var ie ty) oi * ei •dermal) cell:;:;. and thickness ^f the cuticle (8 data/va_ 
riety) were measu red an,: analized. 
F o r studying t i e re la t ions between puncture r e s i s t ance , firm;, ss and 
compress ion rupture 1977 (C-P) l tes t s wt're made on 19 va r i e t i e s , 12-17 fruits/ 
var ie ty , _«. ^cted from the field at increas ing matur i ty , from b r e a k e r to full 
colored, ana determined after reaching rlDom t empe ra tu r e (this var ied from 
18 to 25 °C). This tes t included f i rmness , puncture and impact . 
Compre- s ion- to - rup tu re of the fruits was made with n Instron apply_-
ing p r e s s u r e to the f n r in ver t ica l posit ion, until rupiur.. or cr ck ocurred 
(always in ve r t i ca l direction)- Maximum force was recorded , and the surfa_ 
ce (s . F ig . 5) of r s s u r e application m e a s u r e d (maximum anc minimum dia_ 
m e t e r s , in mm) . 
Impact r is tance was determined by two ways : F o r previous ]aborato_ 
ry m e a s u r e m e n a pendulum wks built (Fig. 4). A s tandard test of number 
of impacts until etui, *e (cracks '• > 1 cm) was used for all the f rui ts , and ' 
the mean number as L c r e s i s t ance to impact of each var ie ty . Forfield 1978 
(I) t es t s dropping the fruits (10 f ru i t s /var ie ty) from 70 cm height tc t flat 
meta l plate was used, an rading the observed damage as follows : sum of 
number ^'l fruits with damage plqs number of fruits with seve re damage 
(more thf- one , ->r visib loculus), which i^ defined AS index I, 
Analysis of var iance and correla t ion and r eg re s s ion analysis was pe r 
formed in all th< e s t s . 
SKIN , ^STANCE 
In all the tests made the v.Hleties show a consistent significant diffe 
rence in puncture r e s i s t ance . Table 1 shows mean val< , 3 of skin tnmcture 
r e s i s t ance for al l tiie va r ie t i e s and all the t e s t s . The overal l means for 
eat.i yea r a re y;[pp.: y different. In 11 vis way, table 2 was p r e p a r e s , 
showing elative values of p , Ire r e s i s t ance in TO Petome<\;; II. 
The repeated var ; show fairly consistent values of uiuici i re for — ; 
1978 van 9s d ine r n...,rc, because they were on samples of fruits grow 
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in normal culture: not overmature and not from the same seed samples. 
The correlations calculated for these repeated values are all significantly 
positive. It appears also always a significant effect of different fruits of 
the same variety, which has riot been possible to relate to maturity diffe 
rences (in the range of full maturity). JThere was no attempt to differencia 
te between plants of the same variety, |so that some of the differences l- ••» 
between fruits can be attributed to variability between plants. There is not 
any proof to support this, but varieties appear which usually show more va 
riability than others, in all types of characterist ics. 
In the 1978 (C-P-I) tests , with the; highest number of varieties, Duncan's 
multiple range test shows three groups| of varieties in respect to puncture 
resistance: the "high resistance'Varieties, the "low resistance" varieties 
an an intermediate group with no very Significant differences (see Fig. 9). 
Figure 5 includes pictures of two pf the varieties studied in their his_ 
tological structure. (From the rest, one was observed and measured, and 
the two others were lost in the paraffinfincluding process). One can obser 
ve differences in the shape arid size of ihe epidermal cells, as well as in 
the thickness and between-cells penetration of the cuticle. 
This is corroborated by the statistical analysis of the measurements: 
height and width of the cells, and thickness of the cuticle are significantly 
different for each variety. Table 3 shovjrs mean values of these parameters, 
for the seven varieties studied, in relatjion to puncture force (mean value of 
the same fruit from which the sample wias taken). Correlation coefficients 
are highly significant for the three parameters with puncture resistance 
(Fig. 6). It is interesting to note that correlations of these same parameters 
with mean puncture values of the varieties, are some less dose; this result 
gives further indication that puncture force is determined by these epider_ 
mic parameters . These three parameters: height and width of the cells and 
thickness of the cuticle are interrelated^ in the following sense: long, flat, 
cells with thin cuticle is equivalent to a shorter number of cells per unit of 
epidermal surface; short, high cells wil|h thick cuticle to a hi^i number of 
cells per unit of epidermal toiirfa.ce. 
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FIRMNESS AND RESISTANCE TO COMPRESSION 
Table 4 shows mean values of f i rmness for the two y e a r s ' t e s t s . The 
difference of matur i ty is he re muqh m o r e patent than in puncture , as ex_ 
pected. Table 5 shows' mean f i rmness values for the va r ie t i e s involved in 
both y e a r s ' t e s t s , in values re la t ive to Petomech II. Corre la t ion between 
both s e r i e s of means is highly significant. Broader var iat ion of 1978 
(C-P-I ) t e s t s accounts for the differences, but re la t ive values a r e , like in 
the case of puncture r e s i s t ance very constant. 
The resu l t s of the mean values of compress ion r e s i s t ance a r e shown 
in table 6. The second column is 'ftraction force to rup tu re" , in N / m . This 
is a new p a r a m e t e r , based on follpwing considerat ions (Fig. 7); 
Rupture of fruits in compress ion resul ted .always in a ver t i ca l c rack , 
through a mer id ian (the s ame resufLt as repor ted by Miles et al , 1968). Thus, 
if the hydrosta t ic theory holds, tjie t rac t ion caused by in terna l p r e s s u r e 
2 (P N / m m ) that the outer fruit s|kin should r e s i s t , i s : 
n 
2 
F (N/mm) = P (N/njim ) x r (mm). 
Knowing the p r e s s u r e P h at k-upture, and the radius of the fruit, r , 
t rac t ion force F at rupture can bej calculated. 
L inear corre la t ion coefficients were calculated, for individual fruits 
and for mean values of the va r i e t i e s , for each of the following pa i r s of para_ 
m e t e r s , and with the following resul t ing values: 
Corre la t ion of: 
puncture r e s i s t ance wifh rupture pressure 
" " with t rac t ion force 
f i rmness with rupture p r e s s u r e 
" " t rac t ion force 
puncture force with f i rmness 
Nearly all a r e significant at the 1 (% level (xx). 
for means cf varieties 
(n=19) 
ir  0, 681 ** 
0, 530M 
0, 568* 
0 ,731** 
0,650** 
for individual fruits 
(n=267) 
0 , 4 7 7 * * 
0, 520** 
XX 
0,438 
XX 
0, 598 
XX 
0, 469 
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Thus, a great part of the variability in rapture pressure and traction for 
ce is attributable to puncture resistance and firmness differences, consi 
dered independently. 
Multilineal regress ,-n of rupture pressure and traction force were cal 
culated, for individual fruits and for meptn values of the varieties. Both 
result in significant multiple correlation and regression coefficients, the 
equations being the following: 
- for means of the varieties : 
z = 0, 017 + 0, 0363 x + 0, 0040 x 
P 1 2 
z = 0, 5758 + 0, 9974 x • 0, 0006 xo, being: 
t J. ^ 
2 
z
 =
 rupture pressure (N/mm ) 
Jr 
z = traction force (N/mm) 
x = puncture force (N) 
x = firmness (N/mm) 
Fig. 8 shows these planes, sectioned by some fixed values of xr, 
(firmness). The higher dependance of traiction force on puncture resistan_ 
ce, is apparent being largely independent of firmness, as was postulated. 
Calculated for individual fruits, these multiple linear regression equa_ 
tions appear very similar. 
Using all these results as a basis ohe can deduce that the resistance 
of ripe tomatoes to static pressure depehds largely on their puncture resi£ 
tance and their firmness. This is true fojr individual fruits in the varieties, 
as well as for mean varietal values of these parameters. 
The fact that puncture and firmness show also in general correlation 
between them introduces some questions in the results, namely: are the 
puncture values dependant on the firmness of the fruits? or rather, in ge_ 
neral do, firmer fruits and varieties alscj> have a more resistant skin? The_ 
re are some observations that confirm the second postulate: 
One can find varieties combining lo\|v firnmess with high or medium 
puncture resistance (H-324-1, Ventura) and others that combine low punc_ 
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t u r e r e s i s t ance with high or medjium f i rmness (H-530, ES-58, Bulker , Ebr_ 
Chester) (see tables 1 and 4). 
The second group (low punciture res i s tance) show lower impact resis_ 
tance (see table 8) and the first group a r e in termedia te in compress ion and 
impact r e s i s t ance (tables, 6,7,81). Taking all the fruits and var ie t i es into 
considerat ion, a high skin r e s i s t ance will provide the tomato with good me_ 
chanical r e s i s t ance , and this will be multiplied if combined with high firm_ 
n e s s . 
On the other par t , low skin puncture values combiend with medium to 
low f i rmness (VF-145-21 - 4 - s , tables 1 and 4) r e su l t s 'tin fruits with the 
lowest r e s i s t ance to impact and (Compression (tables 6 and 7). 
Therefore , we consider that there is only a combination of r e s i s t an t 
skin and firm fruit in most of the var ie t i es of p rocess ing tomato that a r e 
now in cultivation, but these cha rac t e r s can be independent (and a r e in fact 
in some of the var ie t ies ) ; they can be also independently measu red with the 
p rocedures he re reported; and ihjey a re re la ted to genetically determined 
anatomical fea tures , at least in ^ha t concernes the skin. 
RESISTANCE PARAMETERS ANp IMPACT DAMAGE 
Pre l imina ry tes ts of r e s i s t ance of tomato fruits to impact, made with 
the pendulum, indicated that some var ie t ies could res i s t without damage an 
impact of 0, 7 N. m, but some others would be severe ly damaged with this 
impact . Thus, repeated impacts of 0,43 N . m , equivalent to 0 , 5 -0 ,8 m of 
free fall of the fruit with m a s s 50-7 5 g were used. Table 7 shows the total 
number of impacts that would resiist each of the var ie t ies tested (1975 pre 
vious impact t e s t s ) . These resu l t s showed some corre la t ion of impact r e 
s is tance with puncture res i s tance and f i rmness of the frui ts . 
Results of the 1978 (C-P-I) test a r e shown in table 8. Having calcute. 
ted the correla t ion of this index I (no-of fruits with crack plus no. of fruits 
with severe damage, in 10 fruits per variety) and var ie ta l mean values of -
m a s s puncture force and f i rmness , the following resu l t s were obtained: 
- an important proport ion (315%), (r = 0, 59) of the variabi l i ty of index I 
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can be at t r ibuted to var ia t ions in the mean m a s s of the fruits for each va_ 
r ie ty ; 
- another high proport ion (22%, r= Oj, 47) can be at t r ibuted to variat ion 
in mean puncture force, and only 2 % to variation in f i rmness . Fig. 9 shows 
the var iat ion, for all the var ie t i es tes ted, of mean values of free fall im_ 
pact damage (index I) and mean values of puncture r e s i s t ance , high punctu 
r e r e s i s t ance corresponding to low I inde^x. Some variabi l i ty appears in 
this I index, the most apparent deviation^ corresponding to the ext remely 
high m a s s of the fruits of the var ie ty , or to ex t remely low f i rmness . 
All this indicates the dependance of impact r e s i s t ance of tomato va_ 
r i e t i e s from the r e s i s t ance p a r a m e t e r s : puncture force and firmness^ 
puncture force being m o r e important in this case ; but getting being most 
vulnerable those var ie t i es which apar t from low puncture res i s t ance show 
ei ther low f i rmness or high m a s s . 
The free drop tes t , though perhaps pmore rea l , is only indicative to 
re la te impact r e s i s t ance with other p a r a m e t e r s , such as puncture force 
and f i rmness -much more p r e c i s e - and a^bove all with only 10 fruits pe r 
var ie ty . 
Wider impact r e s i s t ance studies will be made in future t e s t s . 
DISCUSSION 
Differences in damage incidence in mechanical harves t ing and hand_ 
ling of fruits a r e mainly t i m e - t e m p e r a t u r e and maturi ty dependent 
(O'Brien et al 1978). Never the less , the importance of var ie ta l differences 
is very high though not much recognized and very l i t t le studied. 
The problem is that va r ie ta l values of physical p roper t i e s parame_ 
t e r s appear usually very inconsistent fori different t e s t s , environmental 
conditions, cu l tures , e tc . This is par t icu lar ly the case for t es t s like pro_ 
be penetrat ion ( i . e . Magness-Taylor) whp.cn combine different compcnais 
of r e s i s t ance (compress ion, rup ture , tarjgential s t r e s s r e s i s t ance , etc) 
measur ing only one magnitude (penetration force). (Philouze, 1975). 
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T h e r e f o r e , an effort m u s t be m a d e to : 1) u s e f u n d a m e n t a l and wel l 
def ined t e s t s , and 2) m a i n t a i n a l l t h e s o u r c e s of v a r i a b i l i t y ( o t h e r than va_ 
r i e t y in o u r ca se ) a s cons t an t and w e l l - k n o w n a s p o s s i b l e . The v a r i a t i o n of 
p h y s i c a l p a r a m e t e r s with ambieijit cond i t ions shou ld then be studied c o m p l e 
m e n t a r i l y . T h e r e f o r e , f u r t h e r s tudy w i l l b e n e e d e d to d e t e r m i n e the depai_ 
d a n c e of r e s i s t a n c e p a r a m e t e r s (in the c a s e of p r o c e s s i n g t o m a t o e s ; s k i n 
p u n c t u r e r e s i s t a n c e and f o r c e - d e f o r m a t i o n p a r a m e t e r s ) o n : t e m p e r a t u r e , 
a i r m o i s t u r e , sun e x p o s u r e , m a t u r i t y evolu t ion , and o t h e r s . 
In the r e s u l t s p r e s e n t e d , c o n s i s t e n t r e l a t i v e v a l u e s of t o m a t o r e s i s 
t a n c e p a r a m e t e r s a r e ob ta ined , a l though t h e cond i t ions w e r e p o s i t i v e l y 
d i f fe ren t for d i f ferent y e a r ' s t e s t s , which i s a p p a r e n t in t he v a r i a t i o n 
o v e r a l l m e a n s . 
A b n o r m a l r e s u l t s wi l l be ob ta ined with v a r i e t i e s of a v e r y d i f ferent 
s h a p e (for e x a m p l e V F - 6 5 , tha t i s f a i r l y f i r m and v e r y s k i n - r e s i s t a n t , but 
d o e s n ' t b r e a k in c o m p r e s s i o n l ike o t h e r v a r i e t i e s b e c a u s e of i t s v e r y elon_ 
ga t ed s h a p e ) . S o m e di f ferent t e s t i n g p r o c e d u r e , for f i r m n e s s and r u p t u r e 
had to be u s e d in t h e s e c a s e s : f b r c e - d e f o r m a t i o n with s p h e r i c a l i n d e n t e r 
i s m u c h m o r e adequate than f l a t - p l a t e c o m p r e s s i o n in t h e s e c a s e s . 
B a s e d on the high c o r r e l a t i o n coef f ic ien t s ob ta ined in a l l f o r c e - d e f o r 
m a t i o n t e s t s , a s i m p l i f i e d m e a s u r i n g m e t h o d m a y be u s e d for d e t e r m i n i n g 
g r e a t n u m b e r s of f r u i t s , c o n s i s t i n g of: 
1) d e t e r m i n e d e f o r m a t i o n fbr 4 to 6 l e v e l s of f o r c e (2 to 8 N) fo r 2 
f r u i t s ; 
2) for the r e s t of the f r u i t s of t h e s a m p l e , d e t e r m i n e only 2 po in t s 
of f o r c e - d e f o r m a t i o n s e l e c t e d oh the b a s e of the f i r s t two f ru i t s ( i . e , 2 and 
5 N, o r 3 and 7 N) which a r e enough to c a l c u l a t e t he s l o p e of the correspcn 
dent f o r c e - d e f o r m a t i o n re la t ionship o r f i r m n e s s . It i s ev iden t tha t f r o m 
t h e s e m e a s u r e m e n t s , m o d u l u s of d e f o r m a b i l i t y o r e l a s t i c i t y E can b e c o m 
pu ted for e ach f ru i t and each v a r i e t y app ly ing H e r t z t h e o r y . This would 
have the a d v a n t a g e of e l i m i n a t i n g c u r v a t u r e d i f f e r e n c e s b e t w e e n v a r i e t i e s 
and f r u i t s , to a r r i v e at a b e t t e r def ined p a r a m e t e r . N e v e r t h e l e s s , having 
a t t e m p t e d t h i s p r o c e d u r e , i m p o r t a n t d i s a d v a n t a g e s a r i s e : the m e a s u r i n g 
- 1 0 -
of curvature radii is too laborious to be made in all fruits, and the compu_ 
tation of E introduces too many er rors (in these radii, Poisson's modulus, 
etc), in the results. 
The puncturing technique has proved appropriate for determining the 
resistance of the skin. All other sistems for measuring skin properties 
that need laborious preparation of skin samples seem too complicated for 
variability studies, where hundreds of measurements are to be taken. 
Apart from that, it is difficult to establish in each variety which part of 
the cell layers are to be taken as the skiii: some varieties present a hypo_ 
dermal zone that can be essential for skih resistance in the whole fruit 
and may be let behind in the probe-preparation. 
Following the results presented, in the search for more mechanical 
damage resistant tomato varieties the tr^nd should be to skins with thick 
and rounded epidermal cells, with thick ^nd penetrating cuticle. However, 
evidence exists (Mel Chih-Yu Chu and Thompson, 1972) that these varie 
ties would tend to be susceptible to cracking, if the characters indicated 
were combined with numerous layers of Subepidermal cells (which in fact, 
is not necessarily so). 
The shape of the tomato fruits (rouiid or pear) appears to be not a 
relevant characteristic in the resistance of individual fruits. Usual indi_ 
cations of differences in damage percentages for these two types of fruits 
(O'Brien, 1976) should be related to specific varieties which show some 
different skin and firmness constitutions) size and maturity conditions. 
SUMMARY AND CONCLUSIONS 
With the procedure used in this research it is possible to detect 
significant differences in the mechanical properties: puncture resistan 
ce (N) and firmness (N/mm) between a gtreat number of processing toma 
to varieties. The values are affected, in a similar way for all varieties, 
by various variables, such as temperature, maturity and culture condi_ 
tions, but the mean relative values are Very consistent. 
-11 -
Both parameters puncture resistance and firmness determine the re_ 
sistance of ripe tomato fruits t<J> rupture by pressure and by impact, being 
skin resistance, measured as puncture force, a resistance component mo_ 
re relevant than firmness. 
A new concept of traction jforce F is introduced, being the maximum 
force attained at rupture by compression at the point of iniciationcf a ciack 
(maximum equatorial diameter) in terms of force per unit meridian length 
2 (N/mm), due to the hidrostatic pressure P (N/mm ) originated by static 
compression of the fruit with radius r (mm). This traction force depends 
closely on skin resistance of the fruit. 
There is a clear dependance of skin puncture force on following his_ 
tological characteristics: roundness of the epidermal cells and thickness 
and penetration between cells of the cuticle, which can be used to predict 
the likely behavior of each variety to puncture. 
Mean values are given, for a total of different processing tomato va_ 
rieties, of puncture force (0, 7*1, 72 N), firmness (1, 74-9, 00 N/mm), rup_ 
2 
ture pressure (0, 0421-0, 0715 tjl/mm ) and traction force (0, 946-1, 601N/bim), 
-12-
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Table 2. - Mean values of puncture r e s i s t ance (N) for the var ie t i es 
(below) in re la t ive values to Petomech II mean . 
1976 (P) 
Petomech II 1, 06= 1, 00 
1977 (CP) 
Petomech II 0, 86 = 1, 00 
H-4016 0,93 
Ventura 0, 92 
Napoli 0,79 
H-324-1 1,01 
H-22-74 0,96 
Mecheast 55 0,86 
Roma VF 0, 83 
Chef A
 2\ 0,66 
VF-145~21^-S ' 0, 67 
H-4016 
Ventura 
Napoli 
Red River 
VF-134-2 
113^ 
VFN-8 
VF-316 
Pielet ty 
C-35(2* 3) 
VF-145-78x79 
VF-145-22-8 
Potomach 
VF-318 
C-34&,3) 
Chefk?) 
VF-145-21-4-S ' 
0,95 
0,91 
0,90 
1,07 
1,05 
1,02 
0, 99 
0,96 
0,86 
0,84 
0,83 
0,79 
0,77 
0,Ttf 
0,74 
0,73 
0,70 
0,69 
(1.2) repl icated 1976-1977 
(2.3) repl icated 1977-1978 
involved in all t e s t s (upper part) and for all the var ie t i es 
1978 (C P I ) 
Pe tomech II 1, 52 = 1, 00 
H-4016 
Ventura 
Napoli 
Pe togro II 
Euromech 
Cal fa> 3) 
Peto Ear ly 
H-324-1 
Europeel 
H-30 
Hypeel 229 
Royal Chico 
Flor ida MH-1 
California 
Rio Grande 
Cambella 
C-34V2' 3) 
Nova Super Roma 
H-1706 
Chico III 
Super California 
C-35^2 ' 3) 
Super Roma 
Roma VF 
Dorches te r 
H-2274 
H-530 
ES-58 
Bulker 
0,77 
0,82 
0,74 
1,13 
0,93 
0, 93 
0,88 
0,86 
0,82 
0,82 
0,81 
0,79 
0,78 
0,76 
0,76 
0,76 
0,73 
0,72 
0,70 
0,69 
0, 69 
0,69 
0, 69 
0,68 
0,67 
0,63 
0, 60 
0,58 
0,50 
I 
Tab le 1. - M e a n v a l u e s of p u n c t u r e r e s i s t a n c e (N) for a l l t he v a r i e t i e s an 
1976 ;(P) 1977 ( C - P ) 
V a r i e t y P u n c t u r e f o r c e (N) 
H - 3 2 4 - 1 
P e t o m e c h II 
H - 2 2 - 7 4 
H - 4 0 1 6 
V e n t u r a 
M e c h e a s t 55 
R o m a V F 
Napo l i 
Chef 
VF-145-ZL-W3 
1,08 
1,06 
1,02 
0 , 9 9 
0 , 9 8 
0 ,91 
0 , 8 8 
0 ,84 
0 , 7 0 
0 , 7 1 
V a r i e t y P u n c t u r e f 
Red River 
V F - 1 3 4 - 1 - 2 
V F - 3 1 7 
P e t o m e c h II 
Ca l J 
V F N - 8 
H-4016 
V e n t u r a 
Napol i 
V F - 3 1 6 
P i e l e t l y 
C-35 
W-145-78x79 
VF-145-22-8 
P o t o m a c h 
V F - 3 1 8 
C-34 
Chef 
VF-145-2L-4-S 
0 ,917 
0 , 9 0 2 
0 , 8 7 5 
0 , 8 6 0 
0 , 8 4 9 
0, 826 
0 , 8 2 1 
0 , 7 8 3 
0 ,782 
0 , 7 4 4 
0 , 7 2 0 
0 , 7 1 1 
0 , 6 8 3 
0, 660 
0, 657 
0 , 6 3 8 
0, 630 
0, 603 
0 , 5 9 5 
nQ of f r u i t s and da ta / m e a n : 10-50 
S t a n d a r d d e s v i a t i o n of means: 0 , 0 2 
Coef. of v a r i a t i o n 0 , 1 5 
1 5 - 7 5 
0 , 0 2 
0 , 1 8 
d a l l the t e s t s . 
1978 (C-P-I) 
V a r i e t y P u n c t u r e f o r c e (N) 
P e t o g r o II 1 
P e t o m e c h II 1 
E u r o m e c h 1 
Ca l J 1 
P e t o E a r l y 1 
H - 3 2 4 - 1 1 
E u r o p e e l 1 
H - 3 0 1 
V e n t u r a 1 
Hypee l 229 1 
Roya l Chico 1 
F l o r i d a M H - 1 1 
H-4&16 1 
C a l i f o r n i a 1 
Rio G r a n d e 1 
C a m b e l l a 147/7 3 1 
Napo l i 1 
C -34 1 
Nova S u p e r R o m a 1 
H-1706 1 
Chico III 1 
S u p e r Ca l i f o rn i a 1 
C - 3 5 1 
S u p e r R o m a 1 
R o m a V F 1 
D o r c h e s t e r 1 
H-2274 0 
H - 5 3 0 0 
E S - 5 8 0 
B u l k e r 
72 
52 
42 
42 
34 
31 
25 
25 
24 
23 
21 
18 
18 
16 
16 
15 
12 
11 
10 
07 
06 
06 
05 
05 
04 
00 
96 
91 
89 
76 
10 -50 
0 , 0 3 
0 ,14 
Table 3. - Mean values of ep idermal ce l l s ' p a r a m e t e r s and puncture force 
of the fruits in the seven var ie t i es tes ted (1976-P Les t s ) . 
Varie ty 
Pe tomech II. 
H-324-1 
H-2274 
Mecheast 55 
Ventura 
Napoli 
Chef 
number of de 
te rminat ions 
Standard' dev. 
of means 
puncture 
force(N) 
1,16 
1,14 
1,09 
0,95 
0,86 
0,73 
0,68 
5 
0,022 
cells width 
( J^m): 
26,13 
22,54 
25, 58 
25,42 
26,92 
31,54 
28,88 
* 
30 
0, 37 
cells height 
( JUm) 
13,75 
17,97 
12,81 
12,40 
11,22 
11,19 
7,69 
8 
0,33 
cuticle thickness 
( yl<m) 
6,94 
8,44 
6,41 
5,94 
5,34 
5,75 
4 ,81 
8 
0,17 
Coef. of var ia 
tion 0, 15 0,18 0,19 0,19 
Coef. of c o r r e 
lation with pure 
tu re force -0 .818 X X 0,830 X X 0,825 X X 
X X Significant at 1% level . 
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Table 4« - Mean values of f i rmness (slope of the force-deformation line by flat plate compress ion of one side of the fruits) , for 
the two yea r s tes ted, N / m m . 
1977 (C-P) N / m m 
Variety 
Petomech II 
VF-317 
H-4016 
Red River 
VF-134-1-2 
VFN-8 
Pielet ty 
Cal J 
VF-145-22-8 
VF-318 
VF-145-21-4-S 
VF-145-78 x 79 
VF-316 
C-34 
Chef 
Napoli 
Ventura 
C-35 
Potomach 
2, 84 
2,84 
2,74 
2, 57 
2,55 
2,43 
2, 38 
2, 35 
2,26 
2,23 
2, 15 
2, 03 
1, 92 
1,86 
1,86 
1,79 
1,76 
1,76 
1,74 
no. of f ru i t s /mean : 12-17 
Standard e r r o r of the means : 0, 065 
Coef. of var iat ion : 0, 20 
1978 (C P I ) 
Variety 
Peto Ear ly 
Cal J 
Rio Grande 
H-4016 
Pe togro II 
Petomech II 
Europee l 
Flor ida MH-1 
ES-58 
Euromech 
H-530 
H-3TJ 
Roma VF 
Nova Super Roma 
H-1706 
Hypeel 229 
Bulker 
California 
Dorches te r 
Super California 
H-324-1 
H-2274 
Royal Chico 
C-34 
Ventura 
C-35 
Cambella 
Super Roma 
Napoli 
Chico III 
10 
0,034 
0,23 
N / m m 
9, 
8, 
7, 
7, 
6, 
6, 
6, 
6, 
5, 
5, 
5, 
5, 
5, 
5, 
5, 
4 , 
4, 
4, 
4 , 
4, 
3 , 
3, 
3 , 
3, 
3 , 
3, 
3 , 
3, 
3 , 
2, 
00 
20 
38 
29 
68 
46 
30 
11 
83 
69 
65 
4tr 
28 
13 
09 
39 
27 
27 
27 
24 
97 
89 
89 
57 
22 
17 
13 
05 
03 
99 
Table 5. - Mean values of f i rmness (N/frim) for the var ie t i es involved m both 
t e s t s (upper par t ) , and for al l the var ie t i es (below) re ia t ive-va lues to Pe tomech 
II mean . 
1977 C P 
P e t o m e c h II 2, 84 
H - 4 0 1 6 
Ca l J 
C -34 
Napol i 
V e n t u r a 
C - 3 5 
V F - 3 1 7 
Red R i v e r 
V F - 1 3 4 - 1 - 2 -
V F N - 8 
P i e l e t t y 
V F - 1 4 5 - 2 2 - 8 
V F - 3 1 8 
V F - 1 4 5 - 2 1 - 4 - S 
V F - 1 4 5 - 7 8 x 79 
V F - 3 1 6 
Chef 
P o t o m a c h 
N / m m 
1,00 
0 , 9 6 
0 , 8 3 
0, 65 
°'f? 
o, C8? 
0, 62 
1, 00 
0 , 9 0 
0 , 8 ^ 
0, 86 
0 , 8 4 
0 , 8 0 
0 , 7 9 
0 , 7 6 
0 ,71 
0 , 6 8 
^ 0 , 6 5 
0, 61 
• °
7 8
 ( c p [) 
N / m m 
Petomech II 6, 46 i~00 
H-4016 
Ca l J 
C-%lf 
Nap-pi) i 
V e n t u r a 
C-35 
P e t o E a r l y 
Rio G r a n d e 
P e t o g r o II 
E u r o p e e l 
F l o r i d a M H - 1 
E S - 5 8 
E u r o m e c h 
H-530 
.30 
R o m a V F 
Nova S u p e r R o m a 
H-17J.M 
Hypee l 229 
B u l k e r 
C a l i f o r n i a 
D o r c h e s t e r 
S u p e r Ca l i f o rn i a 
H - 3 2 4 - 1 
H - 2 2 - 7 4 
Roya l Chico 
1,12 
1,27 
0, 5f 
0 , 4 9 
0 , 5 0 
0 , 4 5 
1,39 
1 , 1 , 
1, 03 
0 , 9 8 
0 , 9 5 
0 , 9 0 
0 , 8 8 
0 ,87 
0 , 8 4 
0 ,82 
0 , 7 9 
0 , 7 9 
0 , 6 8 
0, 66 
0 , 6 6 
0 , 6 6 
0 , 6 5 
0, 61 
0 , 6 0 
0 , 6 0 
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Table 6. - Mean values of rupture p r e s s u r e (N/mm) and t rac t ion force to rupture 
(n/mm) for 19 v a r i e t i e s . 1977 (CP) tes t . 
Variety 
VF-134-1-2 
Petomech II 
Red River 
H-4016 
Pielet ty 
VF-145-22-8 
Ventura 
Cal J 
VF-317 
VF-316 
Potomach 
VF-145-78 x 79 
Napoli 
VF-318 
VFN-8 
C-34 
Chef 
C-35 
VF-145-21-4-S 
Rupture p r e s s u r e (N/mm ) Traction force (N/mm) 
0715 
0633 
0578 
0578 
, 0559 
0, 0559 
0,0568 
0,0558 
0,0519 
0, 0519 
0, 0510 
0, 0500 
0,0498 
0, 0496 
0, 0480 
0477 
0472 
0456 
1,601 
1, 613 
1,273 
1,290 
1,291 
1,406 
1,114 
1,376 
1, 612 
1,418 
137 
356 
0,946 
0,0421 
272 
560 
. 196 
1,175 
1,242 
1,137 
n2 of f ru i t s /va r i e ty : 12-17 
Standard desviation of the means : 0, 0001 
Coef. of variat ion : 0, 20 
12-17 
0,06 
0, 18 
20 -
Table 7. Mean number of impacts with the pendulum (152 = 0, 43 N . m) t i l l 
crack or break of the fruit (197 5 p re l iminary tes t ) . 
Variety 
H-2274 
Petomech 
Mecheast 55 
Napoli 
H-324-1 
Ventura 
H-4016 
Roma VF 
VF-145-21-4-S 
Chef 
nQ of fruits 
41 
39 
33 
40 
44 
34 
40 
44 
28 
39 
mean number of 
0,43 N . m 
3,64 
3,41 
3,03 
2,87 
2,70 
2,48 
2,40 
2,22 
2,20 
1,95 
- 2 1 -
Table 8. - Susceptibility to free fall impact indeces (1= no. of cracked fruits plus seve_ 
re ly damaged fruits) for 30 va r i e t i e s , in relat ion to mean m a s s (g) mean puncture 
r e s i s t ance (N) and f i rmness (N/mm) (10 f ru i t s /var ie ty) 
Variety 
Cal J 
Petogro II 
Petomech 
Rio Grande 
Euromech 
Royal Chico 
Super California 
Nova Super Roma 
H-1706 
Hypeel 229 
H-324-1 
H-30 
California 
Super Roma 
Ventura 
Dorches te r 
H-4016 
C-35 
Europeel 
Peto Ea r ly 
Napoli 
H-2274 
Roma VF 
C-34 
H-530 
Chico III 
Bulker 
Flor ida MH-1 
ES-58 
Cambella 
Index I 
0 
1 
1 
1 
2 
2 
2 
2 
2 
2 
3 
3 
3 
4 
4 
5 
6 
7 
7 
7 
7 
9 
9 
9 
12 
12 
13 
14 
19 
20 
mean m a s s 
(g) 
69 
70 
62 
93 
59 
58 
52 
51 
52 
51 
49 . 
I l l 
53 
55 
46 
58 
59 
85 
60 
89 
55 
115 
63 
77 
138 
57 
129 
115 
170 
68 
mean puncture 
r e s i s t ance (N) 
1,42 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1 
1, 
1. 
1, 
1, 
1 
1 
lt 
1 
1 
1 
1, 
0 
1, 
1, 
0; 
1 
0; 
1, 
0; 
1 
72 
45 
16 
,42 
,21 
,06 
, 10 
,07 
23 
, 17 
, 2 5 
, 1 6 
, 0 5 
, 4 5 
07 
,18 
05 
25 
34 
,12 
96 
04 
11 
91 
06 
76 
,18 
,89 
11 
f i rmness 
(N/mm) 
8,20 
6,68 
6,46 
7,38 
5,69 
3,89 
4 ,24 
5,13 
5,09 
4,39 
3,97 
5,40 
4,27 
3,05 
3,22 
4,27 
7,29 
3, 17 
6,30 
9,00 
3,03 
3,89 
5,28 
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Figure 1. - Force-deformation measurement of whole intact tomatoes with 
a Chatillon testing machine. 
Figure 3. - Measurement of puncture re_ 
sistance of tomatoes with a Chatillon tes_ 
ting machine, provided with a die of 
0, 45 mm of diameter. 
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Fig. 2. - Computer force-deformation regression lines, for two different varieties (1975). Values of "b" (regression 
coefficient = slope of the lines) indicate the firmness of each fruit; mean "b" the mean firmness of the variety. 
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Figu re 4. - Pendulum for determining impact r e s i s t ance of tomatoes . Arr 
gle of the pendulum a rm with the horizontal de termines the energy and ve 
locity of each level of impact . 
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a) 
b-) 
Figure 5. - Skin microphotographs (40 x) of two of the var ie t ies tested (1976-
- P ) : a) higher res i s tan t (H-324-1) and b) lowers-resistant (Napoli). Note the 
shape of the f i r s t - l aye r cells and the thickness and penetrat ion (a) of the cu_ 
t i d e . 
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Figu re 6. - Corre la t ion between height of ce l ls , th ickness of cuticle and width 
of cel ls ( Am) with puncture r e s i s t ance (N) :Atindividual fruit values (means of 
5 punctures);»;variety values (means of 50 punctures) . 
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P.-2r-J= 2F 
n 
F=P*r 
Figure 7. - pressure applied to the surface S of the fruit produces traction 
2 force F (N/mm) = P (N/rrim ) x r (mm) on the equatorial zone of the fruit 
skin. 
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Figure 8. - Dependance of rupture p r e s s u r e and tract ion force of tomato fruits 
on*skin puncture force and f i rmness . Note that t rac t ion force depends largely 
only, and highly on skin puncture force . 
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Figure 9. - Mean values of free fall impact damage susceptibility index I and skin puncture resistance (N) for 1978 
(C-P-I)-processing tomato varieties. High puncture resistance values correspond to low I indeces. 
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